INTRODUCTION

Powdered talc has many uses in explosives.
It is used in nitro-\ 0 ■it cellulose-base propellants to reduce gun erosion. » Also, it is used in ammonium nitrate explosives for increasing detonation sensitivity and decreasing shock sensitivity 3 * and in ammonium nitrate prills to improve storage properties (by reducing break-up due to the phase changes of the ammonium nitrate).
1 ** It is used in the manufacture of detonators to lower friction while filling. 5 * The US Army uses technical grade talc to simulate battle conditions in the training of troops. 6 The biggest use of high quality talc is in toiletries.
Talc is a naturally occurring hydrated magnesium silicate with the approximate formula 3MgO*4Si0 2 'H 2 0 (or Mg3Si^O 10 (OH) 2 ) (equivalent to 63.4% Si0 2 , 31.9% MgO, and 4.7% H 2 0). 7 » 8 * It is not to be confused with artificially produced magnesium silicate which has the approximate formula 3MgSi0 3 '5H 2 0. 7 * Talc is very difficult to identify microscopically and positive identification is best made by a complete chemical analysis.
:
There is no government specification for talc of the high purity that is used in propellants, although there is a specification for technical grade talc. 6 * This arsenal, therefore, undertook an investigation to establish quality assurance requirements for highpurity talc for use in propellants.
Several schemes have been proposed for the analysis of talc. ASTM 9 * recommends the classical scheme for determining silica, R 2 03, calcium oxide, and magnesium oxide, whereby the sample is fused with sodium carbonate, the melt dissolved in water, and the silica dehydrated by evaporation to dryness with hydrochloric acid. The silica is ignited and treated with hydrofluoric acid in the usual manner, the residue is fused with potassium bisulfate, and the melt is combined with the silica filtrate. An R 2 0-, precipitation is then made and the calcium oxide is determined by the gravimetric oxalate method and the magnesium oxide by the phosphate method. ASTM 9 * also describes methods for the determination of moisture, loss in ignition, water-soluble matter, pH, and sieve analysis. The American Ceramic Society 10 * determines silica, R 2 03» calcium oxide, and magnesium oxide somewhat similarly to ASTM but the precipitated calcium oxalate is titrated with permanganate; also, the R 2 0ß precipitate is treated with hydrofluoric acid to eliminate the silica and the result for "carried silica" is added to the total silica. The American Ceramic Society 10 * also describes methods for alkali metals, moisture, loss on ignition, acid-soluble matter, pH, and sieve analysis. The government specification for technical grade talc 6 describes methods for silica and magnesium oxide similar to the ASTM methods * See References, page 18.
(the only chemical or physical requirements in this specification are for silica content, magnesium oxide content, and sieve analysis). TAPPI 8 determines silica, Ro^3» magnesium oxide, and calcium oxide by fusion with sodium carbonate, dissolution of the melt in hydrochloric acid, addition of gelatin to coagulate the silica (without prior evaporation to dryness), precipitation of the R2°3> and determination of calcium oxide and magnesium oxide in the R 2 0ß filtrate by EDTA titrations. TAPPI 8 also describes methods for moisture, loss in ignition, pH, and sieve analysis. Kysela 11 determined silica, R2O3» magnesium oxide, and calcium oxide by fusion with a mixture of sodium carbonate, potassium carbonate and sodium borate, dissolution of the melt in hydrochloric acid, evaporation to dryness, addition of glycerol to coagulate the silica, precipitation of the R2O3 in tne si^ica filtrate, and determination of the calcium oxide and magnesium oxide by EDTA titrations. Yurist and Korotkova 12 determined silica, magnesium oxide, calcium oxide, iron oxide, and aluminum oxide in talc by fusing with potassium bisulfate, dissolution of the melt in dilute sulfuric acid, filtration of the silica, and determination of the magnesium calcium, iron, and aluminum in the filtrate by a rather intricate system of EDTA titrations. Ohtsuki, Nakagawa, and Maeda 13 determined magnesium oxide, calcium oxide, and iron oxide in talc by atomic absorption, after treatment with hydrofluoric and sulfuric acids and evaporation to dryness.
A disadvantage of methods that involve an initial fusion is that considerable difficulty is encountered in bringing the melt into solution after the fusion. This trouble stems from the fact that the magnesium silicate makes the melt difficultly soluble in water, hydrochloric acid or sulfuric acid. Frequently, the melt can be removed from the crucible only by prolonged boiling with water or dilute acid, but when this technique is used the crucible becomes coated with a slimy mass of salts that adheres tenaciously and causes significant mechanical losses. Another disadvantage of the common methods is that complete recovery of silica cannot be obtained by one evaporation with hydrochloric acid.
In the present report an improved scheme is proposed for the analysis of talc. The silica and magnesium oxide are determined by fusion with sodium carbonate, dissolution of the melt in such a manner with 5 to 1 perchloric acid that the melt floats out of the crucible. The solution is then evaporated to fumes of perchloric acid and the silica is filtered and ignited. The magnesium oxide is determined in the filtrate by precipitation as magnesium ammonium phosphate and a correction is 8 is determined after treatment with nitric and hydrofluoric acids and evaporation to fumes of perchloric acid. Ferric oxide, aluminum oxide, calcium oxide, and zinc are determined by atomic absorption after treatment with nitric and hydrofluoric acids, and evaporation to fumes of perchloric acid (the determination of zinc is important because zinc stearate in small amounts is added to some talcs that are used in propellants). Sulfate and phosphorus pentoxide are determined by precipitation as barium sulfate and ammonium phosphomolybdate, respectively, after treatment with nitric and hydrofluoric acids and evaporation to fumes of perchloric acid. Carbon dioxide is determined by combustion in an induction furnace with iron as a flux. The methods for moisture, loss in ignition, water-soluble matter, acidsoluble matter, sieve analysis, average particle size, and pH are more or less conventional.
Also considered in the present report are methods for the determination of talc in nitrocellulose-base propellants. Three methods are proposed. The first method is based on the silicon dioxide content of the propellant, while the second method is based on the magnesium oxide content. In the third method, the talc is weighed as such, after dissolution of the propellant in morpholine, filtration, washing of the residue with water and dilute hydrochloric acid, and ignition (to eliminate graphite). The perchloric acid method for silica gave results that were about 0.3% higher than those obtained by the hydrochloric acid method.
EXPERIMENTAL
The small amount of salts left after the hydrofluoric acid treatment (mostly sodium salts according to spectrographic analysis) dissolves readily in the hydrochloric acid and could be conveniently added to the solution prior to the magnesium oxide determination.
Experiments were conducted to establish the extent of the errors involved if only a single precipitation was made of the magnesium ammonium phosphate. For this study, a standard solution of magnesium was prepared by dissolving 1.9298 g of high purity magnesium metal in hydrochloric acid (1 to 9) and diluting to 1 liter (50 ml -0.1600 g MgO). Various amounts of hydrochloric acid, perchloric acid, and sodium chloride were added and the magnesium was precipitated, using a single and double precipitation. The results (Table I) showed that surprisingly good results were obtained using one precipitation in the presence of the large amounts of perchloric acid (ammonium perchlorate) in the absence of sodium chloride. However, sodium chloride (5 g) caused rather high results whether the perchloric acid was present or not. Obviously, the reprecipitation of the magnesium ammonium phosphate is necessary.
As indicated by Hillebrand, Lundell, Hoffman, and Bright, 17 any calcium oxide present when magnesium is precipitated as magnesium ammonium phosphate is converted on ignition essentially to Can(P0/)2. This was checked by adding various amounts of standard calcium oxide solution (prepared by dissolution of calcium carbonate in dilute hydrochloric acid) to portions of the standard magnesium solution, precipitating the magnesium as described In the procedure, and making a correction for CaßCPO^^t using the theoretical factor of 1.844 for converting CaO to CaßtPO^^. The results obtained in this study (Table II) showed that the correction is valid although slightly high results are obtained in the presence of more than about 0.02 g CaO.
It is probable that more accurate results can be obtained for the determination of magnesium oxide in the presence of calcium oxide by use of the correction technique than can be obtained by use of Table I . Effect of Perchloric Acid (Ammonium Perchlorate) and Sodium Chloride on the Precipitation of Magnesium Ammonium Phosphate Added 0.1600 g MgO + 1 ml HC1 0.1600 g MgO + 5 ml HCIO, 10 ml HC1Ö A 0.1600 g MgO ■f 0.1600 g MgO + 20 ml HC10 A 0.1600 g MgO + 30 ml HCIO, 0.1600 g MgO + 5 g NaCl + 1 ml HC1 0.1600 g MgO + 5 g NaCl + 10 ml HCK> 4 0.1600 g MgO + 5 g NaCl + 20 ml HC10 4 0.1600 g MgO + 5 g NaCl + 30 ml HC10 4 0.1600 g MgO ♦ 5 g NaCl + 10 ml HCIO, 5 g NaCl + 20 ml HC10 4 0.1600 g MgO + 0.1600 g MgO + 5 g NaCl + 30 ml HC10 4 0.1600 g MgO + 5 g NaCl + 30 ml HC10 4 No It would be expected that the atomic absorption method for calcium would be more accurate than the calcium oxalate precipitation method insofar as the relatively small amounts of calcium oxide found in highpurity talc are concerned. This follows since the atomic absorption method eliminates the errors caused by incomplete precipitation of the calcium oxalate and the occlusion of salts by calcium oxalate. In addition, the atomic absorption method eliminates the hygroscopicity error of the CaO ignition procedure.
The loss on ignition of the talc represents loss of CO2 and some of the combined water (OH). Apparently, all of the combined water is not eliminated. On heating at about 900° -1000°C, talc is converted into a mixture of amorphous SK^ and MgSiOo.
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The results obtained for silica, magnesium oxide, lUO^, ferric oxide aluminum oxide, calcium oxide, zinc, sulfate, phosphorus pentoxide, moisture, loss on ignition, water-soluble matter, acid-soluble matter, sieve analysis, average particle size, apparent density, and pH in four samples of high-purity talc are shown in Table III (Table III) and the theoretical composition of talc, it is recommended that a proposed specification for talc for use in propellants should include the suggested requirements shown in Table V . It was not deemed necessary to have a requirement (or test) for acid-soluble matter, phosphorus pentoxide, sulfate, and apparent density, insofar as a specification is concerned.
The requirement for zinc (zinc stearate) was left in abeyance for the following two reasons:
(1) it will be necessary for the propellant group to establish whether the addition of zinc stearate to talc is advantageous, (2) the analytical work on the determination of zinc stearate in talc is inconclusive.
Concerning the analytical work, Mistron ZSC, which is coated with zinc stearate according to the manufacturer, 20 The following were not detected: Li, Sr, Ba, Bi, Cd, Hg, V, Mo, Pb, As, Co, Ag, Zr, W, Sb, Be, and Cr. It is suggested that work proceed on writing the specification for talc for use in propellants without waiting for the clarification of the zinc stearate requirement. When the latter problem is finally resolved, an addendum to the specification could be issued establishing a grade of talc containing zinc stearate.
SUMMARY
Methods are described for the analysis and characterization of high-purity talc for use in nitrocellulose-base propellants. Procedures are described for silica, magnesium oxide, 1*2^3» f err * c oxide, aluminum oxide, calcium oxide, zinc, sulfate, phosphorus pentoxide, carbon dioxide, moisture, loss on ignition, water-soluble matter, acid-soluble matter, sieve analysis, average particle size, apparent density, and pH. In the method for silica and magnesium oxide, the sample is fused with sodium carbonate and the melt is dissolved in such a manner with 5 to 1 perchloric acid that the cake floats free of the crucible (in previous schemes for the analysis of talc there are frequently mechanical losses due to the difficulty of removing the magnesium silicate melt from the crucible). The solution is then evaporated to fumes of perchloric acid and the silica is filtered and ignited. The magnesium oxide is determined in the filtrate by precipitation as magnesium ammonium phosphate and a correction is made for the calcium which is precipitated with the magnesium ammonium phosphate. R 2 0 3 is determined after treatment with nitric and hydrofluoric acids and evaporation to fumes of perchloric acid. Iron oxide, aluminum oxide, calcium oxide, and zinc are determined by atomic absorption after treatment with nitric and hydrofluoric acids and evaporation to fumes of perchloric acid. Sulfate and phosphorus pentoxide are determined by the precipitation as barium sulfate and ammonium phosphomolybdate, respectively, after treatment with nitric and hydrofluoric acids and evaporation to fumes of perchloric acid. Carbon dioxide is determined by combustion in an induction furnace with iron as a flux. The methods for moisture, loss on ignition, water-soluble matter, acid-soluble matter, sieve analysis, average particle size, and pH are more or less conventional.
Three methods are described for the determination of talc in nitrocellulose-base propellants. The first method (which is the method recommended for the usual nitrocellulose-base propellant) is based on the silica content of the propellant, while the second method is based on the magnesium oxide content. In the third method, the talc is weighed as such after dissolution of the propellant in morpholine, filtration, washing of the residue with water, and dilute hydrochloric acid, and ignition (to eliminate the graphite).
RECOMMENDATIONS
It is recommended that the work in this report be used as a basis for a specification for talc for use in propellants (and possibly other explosives). Also, it is recommended that the method for talc, depending on the silica content, be incorporated into MIL-STD-286B (Military Standard, Propellants, Solid: Sampling, Examination, and Testing).
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